All relevant data are within the paper.

Introduction {#sec001}
============

It has long been noted that elementary schools should provide desks and chairs that are easy for students to move and carry. School furniture (e.g., chairs and desks) that is easy to move and carry could help to improve the quality of education \[[@pone.0128843.ref001]--[@pone.0128843.ref004]\]. Previous studies have suggested that seating arrangements should be changed on a regular basis, because they may have a significant influence on students' behaviors \[[@pone.0128843.ref001]--[@pone.0128843.ref003]\]. For example, furniture in rows and columns may lead students to ask more questions, whereas semi-circle configurations may encourage social interaction among students \[[@pone.0128843.ref001]\]. Considering the limited carrying and lifting capabilities of children, and that lighter or proper-weight furniture requires less effort to move, use of this type of furniture could save time as well as reduce the risk of injury.

Increasing the weight that one carries increases the physiological cost of walking, and the load on leg muscles \[[@pone.0128843.ref005]\]. Studies have suggested that the weight of backpacks carried by children should be proportional to their body weight \[[@pone.0128843.ref006]--[@pone.0128843.ref008]\]. The body weight of children normally increases with age \[[@pone.0128843.ref009]--[@pone.0128843.ref011]\]. Therefore, the weight of school furniture should correspond to children's ages and body weights.

Some solutions have been proposed with regard to this issue. Breithecker \[[@pone.0128843.ref004]\] introduced a new swivel chair design using castors, named the "ergo dynamic" or "movement ergonomic" chair. This chair can be easily moved by children in the classroom \[[@pone.0128843.ref004]\]. In addition, the attention and concentration of students using these chairs have been shown to improve by over 70%, compared with students using traditional chairs \[[@pone.0128843.ref004]\]. Although this design provides an easy-to-move chair, developing countries have difficulty implementing this change, because of budgetary concerns and limited manufacturing techniques.

In developed countries such as Australia, Japan, and Scotland, elementary school chairs and desks are lighter, and may be easily carried and moved by all children ([Fig 1](#pone.0128843.g001){ref-type="fig"}); however, weight guidelines still need to be better applied prior to manufacturing. Many researchers have investigated appropriate furniture for elementary school children in their respective countries \[[@pone.0128843.ref012]--[@pone.0128843.ref016]\], but these studies have not focused on weight issues. In Japan, school furniture dimensions are regulated based on ISO 5970 \[[@pone.0128843.ref017]\], so that furniture appropriate for children of certain body dimensions and age ranges is produced. However, weight guidelines are needed for manufacturing.

![Chairs and desks of Australian, Japanese, and Scottish elementary schools.](pone.0128843.g001){#pone.0128843.g001}

In developing countries such as Nigeria, Malaysia, Indonesia, and Vietnam ([Fig 2](#pone.0128843.g002){ref-type="fig"}), the weight of elementary school furniture has not been sufficiently considered. Since there are insufficient studies on furniture weight, children may carry chairs and desks that are too heavy for them. In Indonesia, the Ministry of National Education has a regulation that elementary school chairs must be easily carried by children \[[@pone.0128843.ref018]\]. In addition, the desired dimensions (including weight) of school furniture differ between grades 1--3 and grades 4--6 \[[@pone.0128843.ref018]\]. However, in most developing countries, across every age and grade in elementary schools, chairs have uniform dimensional standards \[[@pone.0128843.ref019]--[@pone.0128843.ref021]\] This may discourage movement of chairs and desks for classroom activities.

![Chairs and desks of elementary schools in Indonesia, Vietnam, Malaysia and Nigeria.](pone.0128843.g002){#pone.0128843.g002}

Taking all of the above finding into account, it is necessary to propose a weight guideline for elementary school furniture that is proportional to children's body dimensions at certain ages. The present study investigated the effects of elementary school furniture weight and children's age on performance of three tasks---carrying a chair, carrying both a chair and a desk, and lifting a chair onto a desk. This study also compared the difficulty of these tasks for Indonesian and Japanese furniture.

Materials and Methods {#sec002}
=====================

Participants {#sec003}
------------

Healthy Indonesian and Japanese children (N = 42) who could understand the experimenters' instructions participated in this study. The Indonesian children included 6 boys and 11 girls, and the Japanese children included 12 boys and 13 girls. Their ages ranged between 6.0 and 9.9 years and they were categorized into four age-range groups: 6 (6.0--6.9), 7 (7.0--7.9), 8 (8.0--8.9), and 9 (9--9.9) years. In both Indonesia and Japan, children go to elementary school for six years, starting at age 6. The age range of our participants corresponded to the lower and middle grades (first to fourth year) of elementary school. [Table 1](#pone.0128843.t001){ref-type="table"} presents the number of participants by age-range group, gender, and nationality.

10.1371/journal.pone.0128843.t001

###### Number of participants.
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               Indonesian (N)   Japanese (N)        
  ------------ ---------------- -------------- ---- ----
  6 (6--6.9)   1                2              5    1
  7 (7--7.9)   1                3              4    2
  8 (8--8.9)   3                4              3    7
  9 (9--9.9)   1                2              0    3
  Total        6                11             12   13

Before the experiment, participants' parents signed informed consent forms. This study was approved by the ethics committee of the Faculty of Design, Kyushu University, Japan (Approval Number: 125).

Experimental instruments {#sec004}
------------------------

Representative furniture from Indonesian and Japanese public elementary schools were used as the main equipment in this experiment, including one Indonesian chair, two Japanese chairs, and one Japanese desk.

### Chairs {#sec005}

Two Japanese (Chairs A and B) and one Indonesian (Chair C) chairs were used to create three different chair weight conditions ([Table 2](#pone.0128843.t002){ref-type="table"}). In Japan, some sizes of chairs and desks (proportional to student height) based on ISO 5970 \[[@pone.0128843.ref017]\] are most readily available in elementary schools. This experiment employed two sizes of Japanese chairs. Chairs A and B were Size 2 (340 mm width x 290 mm depth x 300 mm seat height) and Size 3 (360 mm weidth x 290 mm depth x 340 mm seat height), respectively ([Fig 3](#pone.0128843.g003){ref-type="fig"}). Chairs A and B were appropriate for students whose height ranged between 117 and 130 cm, and between 131 and 144 cm, respectively. Although the material was the same for both chairs, the weights were different due to the size difference (Chair A: 3.2 kg, Chair B: 3.9 kg).

![Chairs for the experiments.\
Chairs A and B are Japanese elementary school chairs; Chair C is a typical Indonesian elementary school chair.](pone.0128843.g003){#pone.0128843.g003}

10.1371/journal.pone.0128843.t002

###### Dimensions of Indonesian and Japanese chairs.
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  Dimension                                                Chair         
  -------------------------------------------------------- ------- ----- -----
  Seat height[^a^](#t002fn001){ref-type="table-fn"} (mm)   300     340   420
  Weight (kg)                                              3.2     3.9   5.0

^a^Distance from the seat to the bottom of the chair.

In contrast, in Indonesia, there is no precise standard for school furniture design for each age. Accordingly, the ordinary elementary school chair had a seat height and weight of 420 mm and 5 kg, respectively ([Table 2](#pone.0128843.t002){ref-type="table"}). This is a typical chair used in most public Indonesian elementary schools \[[@pone.0128843.ref018], [@pone.0128843.ref022], [@pone.0128843.ref023]\]. According to our survey regarding chair weights in 11 public Indonesian elementary schools (prior to this experiment) \[[@pone.0128843.ref023]\], 5 kg was among the lowest range of chair weights in Indonesian elementary schools. The seat height of the chair was in the same range as chairs generally used in Indonesian elementary schools (380--450 mm) \[[@pone.0128843.ref018], [@pone.0128843.ref023]\].

### Desks {#sec006}

Only a Japanese elementary school desk was used in this experiment ([Fig 4](#pone.0128843.g004){ref-type="fig"}). This desk was for children whose height ranged from 131 to 144 cm (Size No. 3 of Japanese elementary school desk), and met ISO 5970 \[[@pone.0128843.ref017]\]. The height and weight of the desk were 580 mm and 8.4 kg, respectively ([Table 3](#pone.0128843.t003){ref-type="table"}). The Indonesian desk was simulated using the Japanese desk with additional height and weight. The height and weight of the desk was based on the typical Indonesian elementary school desk, which was 55--75 cm \[[@pone.0128843.ref018], [@pone.0128843.ref023]\]. In lifting and turning the chair, additional height was added using a box (height: 100 mm) ([Fig 4](#pone.0128843.g004){ref-type="fig"}). This was an adequate simulation of an Indonesian desk for this task, because the main goal was to investigate the effect of the chair weight. In carrying a chair and desk together, additional weight created by placing 4.6 kg of iron in the desk drawer was adequate to simulate the heavier Indonesian desk.

![The Japanese desk without additional height (left) and with additional height (right).](pone.0128843.g004){#pone.0128843.g004}

10.1371/journal.pone.0128843.t003

###### Weights for various combinations of carrying both a chair and a desk.
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  Furniture                Combination                 
  ------------------------ ------------- ------ ------ ------
  Chair (kg)               3.2           3.9    5.0    5.0
  Desk (kg)                8.4           8.4    8.4    8.4
  Additional weight (kg)   \-            \-     \-     4.6
  Total weight (kg)        11.6          12.3   13.4   18.0

Experimental tasks, conditions, and procedures {#sec007}
----------------------------------------------

The experiment was conducted in a large flat space over six days in February and March 2013. Participants performed three different tasks: 1) carrying a chair, 2) turning and lifting a chair on a desk, and 3) carrying both a chair and a desk together. Before each task, we gave participants brief instructions about how to complete each task, and time for practice. To prevent injury, participants wore non-slip work gloves and shoes. In addition, we instructed them to stop the task immediately if they felt it was impossible or dangerous to continue. During the task, an adult stood beside the participants for safety.

Participants performed tasks from lighter/smaller to heavier/larger furniture, in order to prevent injury, and to allow participants to judge easily whether they could perform the next task level. After each task, an experimenter ensured that factors such as pain, fatigue, lack of motivation, etc. would not influence performance of the next condition. During each task, participants' movements were recorded using a digital video camera (Panasonic, HC---V 300 M, Japan) at 30 frames per second.

### Task 1: Carrying a chair ([Fig 5](#pone.0128843.g005){ref-type="fig"}) {#sec008}

This task involved bringing each chair (A, B, and C) from the start to finish line (a 3 m distance). A chair was placed sideways behind the start line, and participants sat on the chair to wait for the start command. After we gave a signal to start, they stood up from the chair, raised the chair with their hands, carried it toward the finish line, and put it down on the floor beyond the finish line. Before tasks, we instructed them that they 1) could hold any part of the chair, 2) should not push or slide the chair on the floor, and 3) should walk at an ordinary speed during the task.

![Task 1: Carrying a chair a distance of 3 m.\
Step 1: start position; Step 2: standing up (start time); Step 3: carrying the chair; Step 4: putting the chair down (finish time).](pone.0128843.g005){#pone.0128843.g005}

### Task 2: Lifting and turning a chair upside down {#sec009}

This task involved turning a chair upside down and putting it on a desk. In this task, three chair weights (Chairs A, B, and C) and two desk heights (standard desk height: 580 mm, higher desk height: 680 mm) were employed.

A chair was placed in front of the desk as indicated in [Fig 6](#pone.0128843.g006){ref-type="fig"}. First, the participant sat on the chair to wait for the start command. After the start command, the participant stood up from the chair, turned the chair upside down, and put it on top of the desk, as shown in [Fig 6](#pone.0128843.g006){ref-type="fig"}. Participants could hold any part of the chair, and they could rotate the chair on the floor if necessary.

![Task 2: Turning a chair upside down.\
Step 1: starting position; Step 2: standing up (start time); Step 3: turning the chair upside down; Step 4: putting the chair on the desk (finish time).](pone.0128843.g006){#pone.0128843.g006}

### Task 3: Carrying both a chair and a desk {#sec010}

This task involved moving a desk with a chair, which was placed upside down on top of the desk ([Fig 7](#pone.0128843.g007){ref-type="fig"}), from the start to finish line (a 3-m distance). In this task, four conditions of different total weight (11.6, 12.3, 13.4, and 18 kg) were employed using three chairs (Chairs A, B, and C), a desk, and additional weight as specified previously ([Table 3](#pone.0128843.t003){ref-type="table"}).

![Task 3: Moving a chair and a desk together.\
Step 1: Starting position (start time); Step 2: carrying; Step 3: placing on the floor (finish time).](pone.0128843.g007){#pone.0128843.g007}

A desk was placed facing forward behind the start line. First, the participant stood in front of the desk, and held the sides of the desk top with both hands while waiting for the start command. After the start command, participants carried the desk and chair to the finish line, and placed it on the floor beyond the finish line. Before the task, participants were instructed to walk at a normal speed and to push or slide the desk across the floor.

Measurements {#sec011}
------------

### Physical characteristics of participants {#sec012}

Before the experiment, height, weight, body mass index (BMI), and grip strength were measured. Grip strength was measured for both hands using a digital handgrip dynamometer (Takeikiki, A 5401, Japan).

### Task time {#sec013}

The time taken to complete each task (task time) was measured using frame-by-frame playback of the recorded video. In Task 1, the start time was the moment when one chair leg bottom was raised off the floor, and finish time was when one chair leg bottom touched the floor. For Task 2, the start time was when one chair leg bottom was lifted, and the finish time was when the chair's seat was placed on the table. Lastly, for Task 3, the start time was when one leg bottom of the desk and chair was raised, and finish time was when one was placed on the floor.

### Successful and unsuccessful lifting and turning of the chair {#sec014}

In the task involving lifting and turning a chair onto the desk, we judged that children were successful if they could complete the task without dropping the chair, without stopping for a while in the middle of the task, and without putting themselves in danger. Dangerous situations were identified as those in which children carried the chair with an unstable grip and they were at risk of dropping it.

Statistical Analysis {#sec015}
--------------------

Statistical analyses were performed using IBM SPSS Version 21.0 (2012) for Windows, Chicago, USA. Descriptive results were presented as means and standard deviations. Two-way analysis of variance (ANOVA) was used to identify differences in physical characteristics related to gender and nationality. Pearson correlation coefficients were calculated to analyze the relationship among children's physical characteristics, between children's physical characteristics and task time, and between chair type and task time. A repeated measures one-way ANOVA was employed to compare task time of the three chair types in the chair-moving task, followed by post-hoc pairwise Bonferroni-corrected comparison tests for significant differences among chair types. The exact chi-square test was used to compare success rates among task conditions for the lifting and turning task and the moving a chair and desk together task \[[@pone.0128843.ref024], [@pone.0128843.ref025]\]. The level for significance was set at 0.05.

Results {#sec016}
=======

Physical characteristics {#sec017}
------------------------

[Table 4](#pone.0128843.t004){ref-type="table"} presents means and standard deviations of physical characteristics of participants, separated by gender and nationality. As a two-way ANOVA revealed no significant effects of gender or nationality, data for all participants were combined in further analyses. For all participants (N = 42), age showed a significant positive correlation with height (r = 0.762, p \< 0.01), weight (r = 0.547, p \< 0.01), and grip strength (r = 0.535, p \< 0.01).

10.1371/journal.pone.0128843.t004

###### Physical characteristics of participants.
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  Participants                                        Indonesian    Japanese      All                         
  --------------------------------------------------- ------------- ------------- ------------- ------------- -------------
  Age (years)                                         7.5 ± 1.0     7.6 ± 1.0     8.3 ± 0.8     8.3 ± 0.8     7.8 ± 1.0
  Height (cm)                                         122.3 ± 4.6   122.7 ± 7.4   126.0 ± 6.0   126.0 ± 6.0   122.7 ± 7.1
  Weight (kg)                                         25.6 ±5.1     23.8 ± 3.1    26.2 ± 3.1    26.2 ± 3.1    24.5 ± 3.5
  BMI[^a^](#t004fn001){ref-type="table-fn"} (kg/m2)   17.2 ± 2.58   15.9 ± 1.9    16.4 ± 1.2    16.4 ± 1.2    16.3 ± 1.7
  Grip strength (kgf)                                 9.5 ±1.7      8.7 ± 1.6     10.0 ± 2.8    10.0 ± 2.8    9.23 ± 2.2

^a^Body mass index.

Carrying a chair {#sec018}
----------------

All participants successfully completed the task of carrying a chair for all chair conditions. [Fig 8](#pone.0128843.g008){ref-type="fig"} displays the task time for carrying only a chair a distance of three meters. The task time for Chair C was significantly longer than that of Chairs A and B (p \< 0.05). A repeated measures one-way ANOVA showed a significant effect of chair type on task time (p \< 0.01). Post-hoc tests using the Bonferroni correction revealed a significant difference between Chairs A and C, and between Chairs B and C (p \< 0.05). [Fig 9](#pone.0128843.g009){ref-type="fig"} illustrates the relationship between participant age and task time for each chair condition. There were significant negative relationships between these variables for Chair B (r = -0.368, p \< 0.05) and C (r = -0.347, p \< 0.05), but not for Chair A. However, task time was not significantly correlated with other physical characteristics (height, weight, BMI, and grip strength).

![Task time for carrying only a chair.](pone.0128843.g008){#pone.0128843.g008}

![Relationship between participant age and task time for each chair condition.](pone.0128843.g009){#pone.0128843.g009}

Lifting and turning a chair {#sec019}
---------------------------

In both desk height conditions, the exact chi-square test revealed significant differences in success rates of lifting and turning a chair among the three chair conditions (p \< 0.01). Chairs A and B showed success rates over 60%, whereas Chair C showed a lower success rate (around 20%) for both desk height conditions ([Fig 10](#pone.0128843.g010){ref-type="fig"}). In contrast, a significant effect of desk height on success rate was not found for any chair condition.

![Success rates by chair type for lifting a chair on a standard/higher desk.\
Exact chi square test: standard desk: p \< 0.01; higher desk: p \< 0.01.](pone.0128843.g010){#pone.0128843.g010}

[Fig 11](#pone.0128843.g011){ref-type="fig"} presents the effects of chair type and age on success rates for turning and lifting a chair in both desk height conditions. Success rates increased with age for all combinations of chair type and desk height, except for Chair C on a standard height desk. Participants aged 9 years attained a success rate of 100% for Chairs A and B in both desk height conditions. For participants aged 8 years, the success rate was significantly affected by chair type for both desk heights. Approximately 80% succeeded with Chairs A and B, but success rates dropped dramatically to approximately 20% for Chair C. For participants aged 7 in both desk height conditions, success rates gradually decreased from Chair A, to B, and to C, although the effect was of borderline significance in the standard height condition (p = 0.051). In addition, the success rate of participants aged 6 years showed a significant effect of chair type only for a standard desk. Although a high success rate (approximately 60%) was shown for Chair A and a standard desk height, very low rates were found for other combinations of chair types and desk heights.

![Success rates for chair type by age for lifting a chair on a standard/higher desk.\
Exact chi square test among chair types. Standard desk: age 6, p \< 0.01; age 7, p = 0.051; age 8, p \< 0.01; age 9, n.s. Higher desk: age 6, n.s; age 7, n.s; age 8, p \< 0.01; age 9, n.s.](pone.0128843.g011){#pone.0128843.g011}

Carrying both a chair and a desk {#sec020}
--------------------------------

For the task that involved carrying both a chair and a desk, the exact chi-square test showed a significant effect of task condition on success rate (p \< 0.01). Success rate decreased with increasing total weight of the chair and desk ([Fig 12](#pone.0128843.g012){ref-type="fig"}). [Fig 13](#pone.0128843.g013){ref-type="fig"} presents the effects of task condition and age on success rate. For participants aged 7 and 8, the exact chi-square test also indicated significant differences in the rate among task conditions (p \< 0.05). Success rates decreased with increasing total weight of the desk and chair, although success rates were nearly 100% for combinations A and B in children aged 8. However, this trend was not found for participants aged 6 and 9. For participants aged 9, success rates higher than 80% were observed for all conditions. In contrast, the success rate for participants aged 6 was lower (approximately 20%) for all conditions.

![Success rates by four furniture weights for carrying a chair/desk together.\
Exact chi square test: p \< 0.01.](pone.0128843.g012){#pone.0128843.g012}

![Success rates for four furniture weights by age group for carrying a chair/desk together.\
Exact chi square test: age 6, n.s.; age 7, p \< 0.05; age 8, p \< 0.05; age 9, n.s.](pone.0128843.g013){#pone.0128843.g013}

Discussion {#sec021}
==========

Effects of gender and ethnic groups on physical measurements {#sec022}
------------------------------------------------------------

The present study found no significant differences in physical measurements between genders. In previous research, gender differences have been regarded as an important factor in designing the size of elementary school furniture \[[@pone.0128843.ref026]\]. However, other studies of elementary school furniture have demonstrated that gender is not an important factor in determining appropriate dimensions of school furniture \[[@pone.0128843.ref027], [@pone.0128843.ref028]\]. Furthermore, boys and girls younger than age 10 have no significant differences in grip strength \[[@pone.0128843.ref029], [@pone.0128843.ref030]\]. Given that children in this experiment were less than 10 years old, we did not separate participants by gender.

This study compared Japanese and Indonesian chairs, used in their respective countries, and involved children of Japanese and Indonesian ethnicity. Given that Japanese children are familiar with Japanese chairs, they would be expected to perform better with Japanese chairs; the same would be true for Indonesian children and Indonesian chairs. Therefore, to ensure equality, this study included children who were of Japanese and Indonesian ethnicity. Previous research has found significant effects of ethnic group on anthropological measurements in children \[[@pone.0128843.ref031], [@pone.0128843.ref032]\]. Ethnicity, geography, and social conditions have been shown to influence physical characteristics \[[@pone.0128843.ref032], [@pone.0128843.ref033], [@pone.0128843.ref034]\]. However, the present study did not demonstrate significant differences for any measurements of physical characteristics between Indonesian and Japanese children. Moreover, according to the national anthropological database of Japanese and Indonesian individuals \[[@pone.0128843.ref023], [@pone.0128843.ref035], [@pone.0128843.ref036]\], heights and weights of children aged 6 to 9 are similar for the two groups. Therefore, Japanese and Indonesian children were grouped in the present analyses.

Carrying a chair {#sec023}
----------------

Chairs are frequently carried for class activities in elementary schools. In the present study, the task time of Chair C was significantly higher than for the other two chairs ([Fig 8](#pone.0128843.g008){ref-type="fig"}). The prominent features of Chair C are larger dimensions and a heavier weight. Our previous study \[[@pone.0128843.ref037]\] using the same three types of chairs observed holding positions for carrying chairs, and found two popular positions. The differences in height of the popular holding positions for Chairs A and C are 34% (height of seat back lower rail: Chair A, 410 mm; Chair C, 550 mm) and 36% (seat height: Chair A, 300 mm; Chair C, 410 mm). In contrast, the difference in chair weight is 56% (Chair A, 3.2 kg; Chair C, 5.0 kg). Thus, the weight ratio is greater than the height ratio of the chairs' holding positions. Accordingly, the longer task time---namely, the decrease in performance for Chair C, might be mainly caused by the heavier weight. This assumption is supported by findings \[[@pone.0128843.ref038]--[@pone.0128843.ref040]\] that heavy loads decreased walking speed of participants. Chair C is the typical type used in Indonesian public elementary schools. The heavy weight of this chair could potentially discourage dynamic class activities.

Furthermore, the present study showed a negative relationship between participant age and task time for Chairs B and C, but not Chair A ([Fig 9](#pone.0128843.g009){ref-type="fig"}). In other words, only Chair A was suitable for younger children to carry. Chair A is produced for children whose height is between 117 and 130 cm, in accordance with ISO 5970 \[[@pone.0128843.ref017]\]. This range corresponds to children aged approximately 6 to 7 years in both ethnic groups \[[@pone.0128843.ref023], [@pone.0128843.ref035]\]. ISO 5970 was created specifically so that children could be seated with proper posture. Our results suggest that an easy-to-carry chair can be produced for younger children within the guidelines of ISO 5970 \[[@pone.0128843.ref017]\].

On the other hand, some studies recommend that the weight of carried items should be proportional to children's body weight \[[@pone.0128843.ref005]--[@pone.0128843.ref007]\]. In addition, the body weight of children normally increases with age \[[@pone.0128843.ref008]--[@pone.0128843.ref010]\]. In the present study, however, only age (and not body weight) had a significant relationship with task time. Age is comprehensive in that it involves aspects beyond physical characteristics (height, weight, physical strength), such as comprehension, skill, experience. Therefore, age is considered the best indicator for chair carrying specifications.

Turning a chair upside down and desk height {#sec024}
-------------------------------------------

Chairs are sometimes lifted and turned upside down in elementary schools in some countries \[[@pone.0128843.ref041], [@pone.0128843.ref042]\]. When students clean their classroom, this task is useful to create free floor space. In order to improve the efficiency of class activities, chairs and desks are often carried together by students to the perimeter of the room, or to corridors outside the room. In Japanese elementary schools, before carrying the chairs and desks, students usually lift and turn the chair upside down on the desk. Ease of this task is affected by not only the type of chair, but also the height of the desk. Therefore, the present study focused on the effects of these two aspects of school furniture, as well as the characteristics of participants.

The success rate for this task was strongly influenced by participant age ([Fig 11](#pone.0128843.g011){ref-type="fig"}) for both desk height conditions. Children aged 6 showed a much lower success rate for all types of chairs, compared with other older children. Moreover, even for the lightest chair (Chair A), they did not show a high success rate for either lower or higher desks (67% and 22%). Based on observations of their behavior during the task, most cases of failure seemed to be caused by not only physical characteristics (e.g., strength to lift the chair, high desk height compared to the child's height) but also insufficient understanding of how to perform the task. This is in line with Rebok et al. \[[@pone.0128843.ref043]\], who demonstrated that comprehension of instructions among elementary school children declines with decreasing age. Accordingly, our findings suggest that in order to prevent injuries among children aged 6, they need appropriate instruction and supervision when lifting and turning even a lighter chair onto a desk.

On the other hand, among children aged 7 to 9, success rates depended on chair type as well as age. All children aged 9 succeeded at the task for Chairs A and B, but some did not for Chair C. These failures were mainly due to strength limitations, unlike for children aged 6. Children's muscle strength increases with age \[[@pone.0128843.ref030]\], which is consistent with the grip strength results of the present study. Nevertheless, the 5.0 kg weight of Chair C was still too heavy even for some children aged 9. For children aged 7 to 8, success rate decreased as chair weight increased and as age decreased, in both desk height conditions, except for Chair C on a standard desk.

The present study failed to show significant effects of desk height on success rates for lifting and turning a chair. Some previous studies have demonstrated an effect of destination height when humans manually lift a load from the floor \[[@pone.0128843.ref044], [@pone.0128843.ref045]\]. Thus, it is not that the desk height had no effect on the ease of this task, but rather that the effect of the chair's characteristics, such as size and weight, exceeded that of the desk height.

Carrying a chair and desk together {#sec025}
----------------------------------

In the current study, the success rate of carrying a chair and desk together decreased as age decreased, and as total weight of the chair and desk increased ([Fig 13](#pone.0128843.g013){ref-type="fig"}). Furniture Combination D simulated an Indonesian chair and desk. Children's success rate in the 6--9 year age range was much lower than in other conditions ([Fig 13](#pone.0128843.g013){ref-type="fig"}). In a previous study of adults lifting an object to hand height in a standing straight position once during eight hours, the ratios between the maximum acceptable weight and the body weight of males and females were 34.1% and 25.7%, respectively \[[@pone.0128843.ref046]\]. However, in the present study, the ratio of the Combination D weight (18 kg) to children's body weight (mean: 24.5 kg) was 73.5%. To our knowledge, there are no studies investigating maximum acceptable carrying weights for children. However, the weight ratio of Combination D to children's average body weight in the study was more than twice the acceptable weight ratio for adult. Therefore, the weight of Indonesian school furniture should be decreased to make it more suitable for carrying.

Children aged 6 showed a very low success rate for this task (approximately 22%), which was much different from those aged 7 and over ([Fig 13](#pone.0128843.g013){ref-type="fig"}). As described, the previous task (lifting and turning a chair) was also difficult for them. Accordingly, these results indicate that carrying a chair and desk together is not recommended for younger children. Meanwhile, the success rate of children aged 7 to 8 decreased with increased weight of furniture. In children aged 8, the success rate was close to 100% at and below 12.3 kg of total weight (Combination B). The chair and desk in Combination A and B are mainly produced for children of heights corresponding to those aged 6--7 and 8--9, respectively, and meet the guideline of ISO 5970 \[[@pone.0128843.ref017]\] (e.g., children aged 7 using Combination A, children aged 8 and 9 using Combination B) were very high. It is expected that this is a familiar task that is often performed in Japanese elementary schools. Therefore, these findings suggest that guidelines for furniture weights for this task should be provided separately according to the age of the child.

Implications, limitation and future research priorities {#sec026}
-------------------------------------------------------

The present study provided useful information regarding weight guidelines of elementary school furniture for promoting classroom activities ([Table 5](#pone.0128843.t005){ref-type="table"}). However, it is not possible to propose ideal weights for each age and task, because only a few participants of each age were included in this study, and only three types of chairs were tested. Future research should aim to develop an optimal threshold for elementary school chair weights, in order to extend the practical applications of these findings.

10.1371/journal.pone.0128843.t005

###### Weight guidelines of elementary school chairs and desks for children aged 6--9.
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  Arrangement activities                                                                      Weight guidelines
  ------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Carrying a chair                                                                            Although a chair weight of 5.0 kg can be carried, lighter chairs enable easier carrying.
  For children aged 6 to 7, chair weights at or under 3.2 kg are preferable.                  
  Lifting and turning a chair                                                                 Lighter chairs enable the task to be performed easily. However, appropriate instruction and supervision are required for all chair types, especially for children aged 6, even if the chair is light enough.
  A 5.0 kg chair weight is too heavy for all children.                                        
  Carrying a chair and desk                                                                   This task is not recommended for younger children, especially those aged 6, because of safety considerations.
  For children aged 8, a total weight of furniture at or below 12.3 kg is preferable.         
  A total weight of 18.0 kg (simulated Indonesian furniture) is too heavy for all children.   

The findings of the present study support the need for lighter chairs to encourage more dynamic class activities. However, decreasing the weight of furniture, while still manufacturing durable and strong products, may be difficult and unaffordable for developing countries. Frail chairs may lead to injuries due to lack of quality control with regard to safety. Therefore, future research could alternatively focus on the key parts of the chair, which are usually held by children, as an effective alternative strategy to improve ease of chair transport.

Conclusions {#sec027}
===========

The findings of the present study indicate that children's carrying of a chair, carrying both a chair and a desk, and lifting and turning a chair onto a desk, are strongly influenced by not only children's age, but also features of the chair, especially weight. Based on the findings of the present study, the weight guideline of furnitures for elementary school children aged 6--9 was proposed ([Table 5](#pone.0128843.t005){ref-type="table"}). Decreasing the weight of Indonesian elementary school furniture that is too heavy for children (especially children of younger ages) is recommended to encourage dynamic class activities. School furniture size and weight should be appropriate for children's physical characteristics. Consideration given to furniture size and weight will help to enhance children's classroom participation and improve classroom activities, thereby leading to better quality education.
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